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Fringe visibility: 

I = Intensities of the fringe pattern 

Complex fringe visibility: 

An (s)  = normalized  antenna  pattern 
B (s)  = radio  brightness distribution 

For a small field of view on the sky a 
two-dimensional  Fourier  transform  gives: 



180. 



I I I I 

I RC + 10216 ‘ i  

VLSR ( k m  /set) 

FIG. 2.”IIIe  CO(1-0) line profile of IRC + 10216. The f i t t e d  curve is a 
flattened parabola ( s e e  text). 
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starlight ,’ 
paraboloidal mirror 

/ r I 

1 Meter 
1 A. Tip-tilt mirror location (mirror not  shown) 

B. Large  Schwarzschild mirror mount 
C. Optics  table 
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FUTURE IS1 TELESCOPE PAD  ARRAY A 
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Model Calculations 

Radiative Transfer  Equation: 

where I, = specific  intensity 
5 = absorption  coefficient 
J v  = emission  coefficient 

S 

with optical  depth d ~ , ,  = q ds or 7,. = q ds" 
SO 

J v  

a, 
and  source  function S ,  = - we get: 

I 0 I 

we assume: thermal  equilibrium (+ S ,  = 5,( T ) )  ' .  . ' .  
c , ,'. , - .  :" 

, 

spherical  symmetry 
temperature  profile . T = (a = 0.4) :i 

density  profile of dust p r-p (p = 2) #-- 

hc r 7L.T . 
, .  

? ?  

by integrating (*) for each  ray  and  calculating  the 
Fourier Transform one gets  the visibility 

comparison with our observations + temperature  and 
radius of dust shell 
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Sr   and  Irr Variables 

M,F Supergiants 

Miras + Carbon Stars 

0 10 20 30 40 50 60 

Inner Radii of D u s t  Shells [ R i n / R * ]  



CONCLUSIONS: 

I .  Inner radii within a few stellar radii for Miras and 
Carbon  stars. 

2. Wider  variation for other  spectral  types 

3. Implies if dust always forms close to star,  time scale 
for  dust emission varies depending on spectral class 

4. Atmospheric scale height for VX Sgr in rough 
agreement with  theory 

5. Diameters  at I 1  um consistent with  optical  diameters 
for  supergiants  Alpha  Orionis  and  Alpha  Scorpii. 

6. Alpha  Orionis  had a recent  burst of dust  formation. 

7. Dust is created  and  destroyed in complex 
environment of Omicron  Ceti. 

8. Complex  dust  patterns  exist for NML Tau  and NML 
Cyg,  not  simple uniform  outflows 

9. MANY INTERESTING RESULTS  AND MORE TO 
COME!!! 

LONG  BASELINE  INTERFEROMETRY IN THE MID- 
IR HAS  ALREADY  PRODUCED  IMPORTANT 
RESULTS  AND HAS GREAT  POTENTIAL  FOR  THE 
FUTURE. 
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TWO DUST SHELLS MODEL 

Lopez et al. 

Inner Radius / 
Dust Shell 2 

(Not to Scale) 

Figure ti 
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High angular resolution on spectral  lines: 

9 Study distribution of gas and dust separately 

0 High spatial  and  spectral  resolution 

simultaneously 

Molecules: 

NH,, SiH,, C2H4 in various  excited states 

Sources: 

IRC +10216, VY CMa, N M L  Cyg, N M L  Tau, 
IRC +IO01 1 ,  IRC +10420, R Leo, a Her 

Problems: 

0 Find CO, local  oscillator  .lines  close by using 

various  isotopes  like 1 2 ~  9 1 3 ~  9 1 4 ~  7 160 Y 180 

9 Take into account LSR velocity of the  source 

0 Need a more  complex  correlator 



1 R-(00) A2-AI R-(03) AI  -A2 

t T 

IRC + I  021 6 
Le end: 
.g/isibility Ratio 
.gg IR Power  Ratio 

R gas>lO R-star 
R”gas>40  R-star i 

. . . . . . . 
” -  Rrgas>80 R-star’ 4 
R-(03) F2-FI  R-(09) A2-AI 1 
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Circumstellar  Envelope of IRC +I0216 

1 R* 3 R* 6.8 R* 10 R* 40 R* 80 R* 
22 mas 66 mas 150 mas 220 mas 0".9 1 ".8 
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Visibility Measurements of a Orionis 
Including Data from 1993 and 1994 
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Visibility Measurements of a Orionis 
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Visibility Measurements of o Ceti 
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Aperture  Masking at Keck 

Results and Science Potential 
Highest  resolution  images of, circumstellar 
envelopes  available 
Spiral dust shells discovered around Wolf- 
Rayet  stars - colliding  winds? 
Multi-wavelength diameter measurements  to 
probe  the  atmospheric  structures of Miras and 
Red  Supergiants 
Circumstellar  disks around Young Stellar 
Objects  (YSOs)  can be resolved for  the  first 
time 
Highly asymmetric  flows around prototypical 
dusty AGB stars insist  on new mass-loss 
mechanisms - or at least new twists on the old 
Proper  motion  studies  in  infancy,  could  be key 
to  understanding  these  complicated  envelopes 
In general,  these  observations  offer  an 
important  data set to view in  context of high 
resolution  visible  data (stellar hotspots)  and 
radio/mm  observations (Si0 and H20 masers) 



Table 2. Uniform disc  and  point-source  parameters for Betelgeuse. 

M6 

633 

100 

n o  

67(+/-2) lo(+/-S) 0 ( + / 4 )  101(+/-S) 

lo(+/-5) 4(+/-5)  28S(+/-lO) 

49(+/-3) lo(+/-3)  8(+/-1) 105(+/-3) 

lO(+/-S) e(+/-1)  302(+/-3) 

- 50 0 50 

Relative R A  (mos) 

e 
-50 0 50 

Relative RA (mar) 

Figure 4. MEM reconstructions of Betelgeuse at 710 nm in (a] 
I9H9 I:cbru;Iry. :wd (11) 190 1 JilIltiilry. Contours :ITC 5. I O ,  20, ..., 
YO, 95 per cent of the peak intensily. 
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V. G. Zubko 
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Figure 2. Observational  and  theoretical  energy  distributions of WR stars. The  observational data are  marked by asterisks ( & i d  
photometry), open  circles  (ground-based IR photometxy)  and filled circles ( I R A S ) ;  the  model  spectra  are  depicted by solid lines and the 
contributions of 'startwind' and dust. emission by dashed and dob-dashed lines, respectively. 

@ 1998 RAS, MNRAS 000, 1-10 



WR104 at 2.2pm 
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WR 104 at 2.2 pm (Apr 1998) 
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lnteracting  Binary  Wind  Model 
of  Spiral Outflow Around WR 704 

To Observer 
Hot dust 
spiral 

Outflow primarily  in  plane 
of  binary orbit 



100 

0 

-1 00 

w 

0 6 

/". 

0 

O Q  
0 

I200 

100 $ 
n 
a, o m  

200 



Wolf-Rayet Dust  Shells (2.2pm) 

WR 112 WR 112 
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